INTRODUCTION
"Egg yolk consumption almost as bad as smoking when it comes to atherosclerosis" was the title of an article that appeared in Science Daily on August 13, 2012. Some other egg related stories published in the past few years in Science Daily include "Eggs' antioxidant properties may help prevent heart disease and cancer" -July 6, 2011, "One egg worse than some fast food meals when it comes to cholesterol" -November 1, 2010 and "Egg-Irony: High cholesterol food may reduce blood pressure" -March 1, 2009. The findings on risks versus benefits of egg consumption seem equivocal. The American Heart Association (AHA) has recommended limiting dietary cholesterol intake to less than 300 mg/d [1] . Eggs have been getting a bad reputation because the cholesterol content of one egg yolk (range 141 to 234 mg from small to jumbo egg) accounts for two thirds this limit. However, the saturated fat and trans fat content, the real culprits that raise blood cholesterol, are minimal (1.6 g and 0 g, respectively) in an egg compared to most fast food meals. Besides fast foods are also high in refined carbohydrates, saturated fat and sodium, all of which are known to cause adverse health effects. Apart from the cholesterol-related negative publicity, eggs are actually a good source of high quality protein, a number of essential vitamins and minerals, choline and also two carotenoids, lutein and zeaxanthin, that are associated with eye health. The objective of this review is to dissect the egg by nutrients and evaluate clinical studies that looked at benefits and risks of egg consumption in humans. The nutrients that will be discussed in this review include protein, choline and lutein and zeaxanthin. Cholesterol will also be discussed at length since it is a topic that is most scrutinized.
NUTRITIONAL VALUE OF AN EGG
The nutrients present in two raw large eggs (100 g), egg whites (66 g) and egg yolks (34 g) are listed in Table 1 [2] . Also shown in the table is the percent daily value of nutrients in two large eggs. The percent daily value was calculated based on a 2,000 calorie diet for healthy adults [3] . The purpose of this was to highlight the nutritional value of an egg. The percent daily values will slightly differ for women, women during pregnancy and lactation and children. The majority of the protein, potassium, sodium and vitamins B2 and B3 are present in the egg white. The yolk contains almost all of the fat, iron, phosphorus, zinc, thiamin, pantothenic acid, vitamins B6 and B12, folate, vitamins A, E, D and K, choline and also lutein and zeaxanthin. Still most people avoid consuming the yolk due to its cholesterol content. Most restaurants and cafes are now offering egg white options for sandwiches, scrambles and omelets. However, looking at the nutrient density (high nutrient to energy ratio) of the yolk, it is evident that discarding the yolk results in a loss of valuable vitamins, minerals and micronutrients. Data from the NHANES III showed that eggs contributed 10% to 20% of dietary folate and 20% to 30% of vitamins A, E and B12 among egg consumers (those who reported consuming at least one egg group product in a 24 hour dietary recall). A greater percentage of egg consumers had adequate intakes (>Estimate Average Requirement or 70% RDA) of vitamin B12, vitamin A, vitamin E and vitamin C than inadequate intake, while a greater proportion of non egg consumers (no egg products in a 24 hour dietary recall) had inadequate intakes of these vitamins [4] . Overall daily nutrient intake was significantly greater in egg consumers compared to non-egg consumers, with the exception of dietary fiber and vitamin B6 [4] . Eggs are good exogenous, dietary sources of vitamins K and D and choline [5] . Egg yolks are also a highly bioavailable dietary source of lutein and zeaxanthin, two oxygenated carotenoids that are important for eye health [6] . Despite being so nutrient dense only 1.3% of total calories consumed in the American diet can be attributed to eggs [7] . The reason for poor egg consumption in the US may lie in the perceived health risks associated with intake. . In the US the average daily intake of choline is estimated to be ~300 mg and intake of betaine (a choline derivative) ~100 mg [17, 18] . Most of the choline found in eggs is in the form of phosphatidylcholine and a small amount in the form of sphingomyelin. Choline is also found in meats, fish, whole grains, breakfast cereals, fruits and vegetables. The plant sources mostly contain betaine, which is important as it spares the use of choline for methyl donation [19] . Humans can synthesize choline endogenously from phosphatidylethanolamine [20] . However, healthy humans fed a choline deficient diet for 3 weeks had depleted tissue stores of choline and developed liver dysfunction [20] .
Choline or its metabolites are required for the structural integrity and signaling functions of cell membranes, it is the major source of methyl groups in the diet, and it directly affects cholinergic neurotransmission, transmembrane signaling and lipid transport and metabolism [21] . Furthermore, choline derived from phosphatidylcholine may be especially important when extracellular choline is in short supply [22] . A number of animal studies have shown choline to be essential for normal brain development [23] . Choline is also required to methylate homocysteine. Humans depleted of choline have diminished capacity to methylate homocysteine and developed elevated plasma homocysteine after a methionine loading test [24] . Elevated plasma homocysteine is one of the risk factors for cardiovascular disease and stroke [25, 26] .
Choline concentrations in amniotic fluid are 10 fold higher than in maternal blood 74 Journal of Postdoctoral Research January 2013: [70] [71] [72] [73] [74] [75] [76] [77] [78] [79] [80] [81] [82] [83] [84] indicating active transfer of choline across the placenta [27] . Also, serum choline concentrations are 6 to 7 fold higher in the fetus and neonate than in adults suggesting choline's importance during the critical period of infant growth and development [28] . Choline concentration in breast milk is dependent on mother's choline intake in the diet. Adequate choline intake is critical during pregnancy and lactation because it influences fetal brain development and is important for maintaining maternal homocysteine concentrations. High maternal homocysteine is associated with increased incidence of birth defects [27] . To date only one double-blinded, randomized controlled trial has explored the effects of maternal choline supplementation on cognitive development in infants aged 10 to 12 months. In this study supplementation with 750 mg of phosphatidylcholine from 18 weeks of gestation to 90 days postpartum did not increase measures of global development, language development, short-term visuospatial memory or long-term episodic memory in infants compared to placebo [29] . The null findings of this study were attributed to a possible influence of betaine, diets of the US population contain good sources of choline and short follow up time. Studies of choline supplementation in adults have yielded inconsistent results. Choline supplementation was shown to improve different measures of memory in normal subjects and also those with memory deficits and dementia [30] [31] [32] They showed that the observed increases in plasma LDL-C and HDL-C were due to increases in lipoprotein particle size. Hyperresponders had larger, less atherogenic LDL particle (>21.2 nm) and larger HDL particle (>8.8 nm) with no significant difference in the total number of LDL and HDL particles [55, 69] . Hyperresponders also had higher concentration of carotenoids [55]. Herron et al also reported increase in less atherogenic LDL-1 particle with egg consumption in hyperresponders [70] . LDL particles are heterogeneous with regard to size, density, composition, charge and atherogenicity. LDL subclass, as opposed to plasma LDL-C, is related to risk of CHD [71] [72] [73] as small and dense LDL particles can easily penetrate arterial walls [74] . The increase in LDL and HDL particle size observed during the 3 egg intervention was positively related to plasma lutein concentration [75] . No correlation was observed with number of HDL and LDL particles. Lutein and zeaxanthin are said to be associated with the surface layer of the lipoproteins [76] . Larger HDL and LDL particles have greater surface area and can thus carry more lutein and zeaxanthin [75] . Lutein and zeaxanthin are also beneficial in reducing the risk of CHD due to their antioxidant potential [77] . So far we have discussed studies that evaluated effects of egg consumption on blood lipids and lipoprotein cholesterol concentrations, which are predictors of CHD. We will now examine the evidence on egg consumption and incidence of CHD. Hu et al were among the first to report that consumption of 1 egg a day did not increase the risk of CHD and stroke in the Nurses' Health Study and Health Professionals Follow up study cohorts [79] . One study that evaluated CHD risk using risk apportionment model found that all modifiable lifestyle risk factors, which included smoking, overweight or obesity, poor diet, minimal exercise, alcohol intake and egg consumption accounted for 30-40% CHD risk in the US population aged 25 years and older. Consuming one egg a day accounted for only <1% of CHD mortality risk [80] . Two prospective studies found no association between egg consumption and CHD risk [81, 82] . One cross-sectional study reported that egg consumption was not associated with increased risk of mortality from CHD or stroke [83] . Also, consumption of 2 eggs a day for 6 weeks did not adversely affect endothelial function, a reliable index of CVD risk, in healthy adults [84] .
Two groups of researchers, Djousse et al and Spence et al, have reported egg consumption to be associated with increased risk of heart failure, mortality in diabetics, type 2 diabetes and increased carotid plaque burden. Djousse et al analyzed the Physician's Health Study I (PHS I) cohort and reported increased risk of heart failure in physicians who consumed >7 eggs/week, but not in those who consumed up to 6 eggs/week [85] . Interestingly in a separate report on the same cohort, Djousse et al reported no association between egg consumption and incident myocardial infarction and stroke. But they reported an increased risk of all cause mortality with consumption >7 eggs/week in diabetics [86] . The relative risk models did not adjust for some important confounders of CVD including, intakes of saturated fat, cholesterol from other sources, total energy, fruits and vegetables, which could have overestimated the results. Other limitations include use of food frequency questionnaires (subjects had to recall egg intake in the past year) and the subject population who were all physicians (not representative of an average healthy individual). As Kritchevsky pointed out the lack of association with myocardial infarction and stroke in the second report by Djousse et al suggests high egg consumption is associated with noncardiovascular causes of death, which has no biological plausibility [87] . In a recent publication Spence et al report that egg consumption is significantly related to carotid plaque area, a strong predictor of CVD risk [88] . In this report, the observed exponential increase in plaque area with egg consumption was similar to cigarette smoking. Similar to the Djousse et al report, this observational study fails to adjust for important covariates that are linked to CVD risk such as intake of saturated fat, other cholesterol sources, physical activity and fruits and vegetables. Also, egg consumption and smoking history were self reported.
The strength of these observational studies is thus questionable.
FINAL REMARKS
Apart from the nutrients discussed above the effects of egg intake has also been studied in diabetics, metabolic syndrome and cancer patients. In 2009, Djousse et al reported that daily egg consumption was associated with increased risk of type 2 diabetes in men and women from the PHS I and the Women's Health Study [89] . But in 2010 they found no such association when they prospectively analyzed egg intake and incidence of type 2 diabetes in Cardiovascular Health Study cohort [90] . In a randomized controlled trial consumption of 3 eggs/d in conjunction with a carbohydrate restricted diet (CRD) did not increase plasma fasting glucose concentrations in overweight/obese men. Egg intervention increased plasma HDL cholesterol and lowered plasma triglycerides in these subjects, 58% of whom had metabolic syndrome, showing eggs do not modify the beneficial effects of CRD in metabolic syndrome [91] . CRD coupled with intake of 3 whole eggs also increased HDL and LDL particle size, reduced atherogenic large VLDL particles and small, dense LDL particles and increased lutein and zeaxanthin without affecting intake of other carotenoids with the exception of lycopene [56] . Furthermore, egg intake coupled with CRD improved insulin resistance in men and women with metabolic syndrome and decreased plasma C-reactive protein, an important marker of inflammation [92, 93] . Consuming eggs for breakfast was also shown to suppress plasma glucose, insulin and ghrelin response suggesting that eggs can effectively promote satiety and reduce subsequent energy intake [94] . Evidence on egg consumption and cancer risk are equivocal. Egg consumption was not associated with the development of colorectal polyps in a meta-analysis of 11 case-control and 2 cohort studies, while a positive association was observed with colon and rectal cancer risk and also with mortality from these cancers in a population-based study and [95] [96] [97] . A modest positive association was observed with egg consumption and breast cancer risk, while two studies showed no association [98] [99] [100] . Studies on prostate cancer risk have also yielded mixed results [101] [102] [103] [104] . The effects of egg consumption on cancer risk warrants further investigation.
CONCLUSION
Based on the variety of evidence presented in this review the recommendation on limiting egg consumption may need to be reconsidered. The evidence that egg intake can increase CHD risk is weak. Studies have shown that dietary cholesterol from eggs increased LDL and HDL lipoprotein size and not number, which is suggestive of a protective effect due to their decreased atherogenicity. Larger LDL and HDL particles can accommodate more carotenoids, especially lutein and zeaxanthin, which are highly bioavailable from eggs. Egg intake causes increased accumulation of lutein and zeaxanthin in the macula and greater protection of the retina from AMD. The choline and high quality protein in an egg make it a valuable addition to a nutritious diet. Recent studies also suggest that metabolic syndrome patients who are on a CRD may benefit from egg consumption. The nutrient density and affordability of eggs make them a highly attractive whole food. An egg symbolizes the start of life and thus nutrients that are incorporated in an egg are those that are essential for life. When consumed as part of a healthy, well balanced diet, the benefits of egg consumption can outweigh any risks. Eat your eggs minus the sausage and bacon. 
